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HATIONWAL ADVISORY COMMITTEE FOR AERONAUTICS.

TECHFICAL NOTE NO. 184.

)

A YETHOD OF DETERMINING THE DIMENSIONS AND HORSEPOWER

.

OF AN ATRSHIP FOR ANY GIVEN PERFORMANCE.

By ¢. P. Burgess.

Summary

A simple and eagily applied method of calculating the dimen-
cions and horserower nececsary for an airship to have any given

[ B AW

veriormance 1g describved and illustrated by exarples. The method
includes means for estimating the changes in performance OTr in
cize vhen rodifications or new features are introduced into a
desiegn, involving increase OT saving in welghts, OT changes in
resistance or propulsive efficiency.

The nreliminary estimaie of the size of an airship to per-
form any desired duty, such as carrying a given military or
commercial lecad et some given speed and endurance, is based upon
twe mrincipal sete of datz. One set is the proportions of total
meight taken by various items, and the other set is the relation
between horgevower, speel, and air displacement. The conven-
tional methods of stating such data are not very satisfactory,

and newr methods are developed for the purpose of this report.
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Introduction

t is customary to express the weight items as percentages

|

of the gross 1if+t: but this practice has the two serious objec-
tions that the gross 1ift varies with the kind and purity of the

or inflation even vhen standard atmospheric conditions

(oA
kh

gas used

47}

nrevall, and the magnitude of the aerodynamic forces and the
resistance depend not upon the gross 1ift, but upon the total
air digplaccment of the hull. It is therefore proposed to ex-
press the weights as percentages of the air displacement, and to
use a standard conversion factor or relation between air dis-
nlacement by weight and by volume. This standard factor is that
one cubic foot of air weighs .07635 1lb. at sea level, with a
temperature of 50°F, and a barometric pressure of 29.92" of mer-

cury. The weighis to be considered in the design estimate will

QJ
b

¢!

o

then include the item "eir 708 .

i

The relation between horsepower, speed and size may be ex-

o _ V2 D¥P
’ﬂP = C

"
t

“Mere P horsenover,

Vo= speed,

(-
il

air displacement,

a constant determined by
dnta on previous ships.

¢

i

Then C ic the Admiralty coastant, V is expressed in



#.A.C.A. Technical Hote No. 194 3

xnots and D in long tons. The magnitude of the constant is a
function of the density of the air, and its dimensions are rather
ankward and not in line with other aerodynamic calculations.

It is provosed to substitute for the Admiralty constant the ex-

precsion:
n _ V2 P (v01)??®
HP =
K
where V = speed in ft./sec.,’
0 = deneity of the air in slugs,
vol = air volume or displacement in ft.°

K is a constant which may be expected to lie
between 30,000 and 35,000 in a modern rigid airship, and to be
about 20,000 to 25,000 in small nonrigids of less than 200,000 £+
volume.

Since D, the standard air Gisplacement in pounds, equals
2/3

- . . 2/3
.076%5 times the volume in £t.2, (vol) = 5.55D0  , and

5.55 V> p D3
K

HP =

Procednre in Finding the Size and Horsepower for an Airship

to Carry & Given Load with a Given Speed and Endurance.

The total displacement is divided into ltems as follows:
(1) air ond gas, (2) fixed weights exclusive of power plane,
oorer cars, ané fuel system, (3) crew, stores, and ballast,
(4) vower plant and cars, fuel system and fuel, (5) specified

military or commercial load. Items (1), (2) and (3) are ex-
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pressed directly as fractions.of D based on data from existing

>

ships with such corrections as seem reasonable to allow for novel

foatures. Itenm [4) is expressed in terms of the horsepower, and
D2/3 (

)

hen 4) and (5) together take that frac-

(@]

e 0 , &nd items
tion of D remaining over from items (1)} to (3), inclusive.

Provlen 1. Find the wvolume and horssSpower of a rigid air-
ship to carry a military load of 15,000 lo. at 680 knotes (101.3
f4./sec.) for &0 Thours, 85% of the total volume beingZ filled with
nelium 1ifting .064 1b./ft> (94% pure), in the standard a‘tmos-
phere.

Since the hull is cpecified in the conditions of the prob-
1em to be 355 full of mes, the weight of the air in the hull is
15% D; and the wmeight of the gas is 85% D rmultiplied by the
difference between the weisghts of air and gas per unit volume,
and divided by tne weiznt of air per uniti volune. The total

weisnt of air and gas 1s therefore given by

Aty and gee = [ .15 - .85 (.07635 - .084)/.07625] x D
= .283 D.

From existing deta, the fixed weighte exclusive of rTover
plants, power ceTs and fucl svetem egual .3D, and the crew,
stores and tallast amount %o .055 D.

"here remnaing foTr LOVET plant, fuel and military load
(1 - .288 - .30 - .038) D = .357 D.

Aesuming the weight of the power plant and i*s cars toc ke

o 1b./0F and the weight of the fuel and fuel system to be 0.6 1b.
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[97]

per horseporer hocur, the tctal weight of power plant, fuel sys-
tem and fuel ie [ 8 + (.6 x 80)] HP = 44 (HP). Combining this
with the military load,

15,000 + 44(HP) = .357 D (1)

Suppose that from existing data on similar ships,

- -
oo . D:85 (101.3F x_ .00237 x D23
25,000
HP = .39 773 (2)

-

Cowhining ecuations (1) and {(3),

D - a8 D7° = 43,000 (3)

The roblem of the sizc required for a given performance
#ill alwavs reduce to an souation of the form of (3), which may
be expressed generally:

An2/3
D -~ AD = B.

The vsoiution for any parvicular values of A and B wmay be ob-
tained from the charts (Fig. 1 or 3) by laying a siraight edge
scrose these volues of A and B on the scales at the left and
ripht hend sides of the chart.

In thie problem, A = 48 oand B = 42,000, and from the
chart, figure 1, D = 215,000 1b., and the air volume = 215,000/
.075835 = 2,830,000 £%.°

For convenience in calculafing the horsepower, D°*°  is
nlotted against D in {igure 3, although it is more accurate,

. N 2/ 3 ' X .
and usually rore convenient, to obtain DY from a glide Tule

or a tsble after finding D. In this case, p*/2 = 3600, and
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HP = .39 ¥ 3600 = 1410.
Problem 2. Find the volume and horsepower of an airship to
fulfill the same conditions as in Problem 1, except that the

epeed is to be 70 knots (118.2 ft./sec.) for €0 hours.

.55 ¥ {118.2)° ¥ .00237 x D¥°

HP =
* 35,000

= .62 D*/°, and by combining with equation (1),
D - 76.5 D¥? = 42,000,

From figure 1 L = 570,000 1b.

-3

2/3

0%° = 5900. Air volume = 7,470,000 ft.°

i

HP = .63 X 6900 = 4290.

This example shows the great cost of increasing the speed
vhile wainteining the same hours of endurance at the higher
epeed. On the other hand, the speed could be quite easily in-
creased to 70 knots, if the endurance remeins 6C hours at 60 knots.

The horsenover at 6C knois is only 62% of that required for
7C knots, ond the weight of power plant and fuel per horsepower
is *herefore & + (.63 x .6 x 60) = 30.7 1b. The fundamental
equations are therefore:

15.000 4+ 30.7 (HP) = .257 D

Hr o= .82 X 4080 = 20530

260,000/ .07625 = 3,400,000 ft.°

1l

Air volume
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The method may oe pmed also to find +he extent to which the
size may =2 reduced by structural improvements, as follows:

Problem 3. Suvpose that by an improved design, the struc-
trural weight can be reduced 10% in comparison with the conditions
noeumed in Problem 1. The rixed welghts exclusive of power plant,
poOVIeT cars, and fuel system becone .27 D, and aesuming &8 in
Problem 1 that 60 knots is required for ©0 hours, ’

15,000 + 44 (Wp) = .387 D |
ard qp = .32 Dz/a’ whence

D - 44.4 D¥?® = 38,800

D = 180,000 1o. D/ = 3200
air volume = 180,000/.07635 = 3,360,000 ft.°

HF = . &
By compariscn 7ith the results of Problenm 1, it is found

that o 10% caving in fixed weights exclusive of power plant, PeTr-

0

mits a 18% reduction in volume and 11.%% in horsepower.
A 10% improvement in the resistance coefficient may also be
tested in = similaT manner. Repeating the conditions of Problem

1, let X Te increased by 10% from 35,000 to 38,500. Then

IT - Zc Dr“/s

[ R

)
8 b
il

n - 45,75 P2 = 43,000
0

(o)

b = 185,000 1b. D0 =32
Air volume = 185,000/.07635 = 3,420,000 ft.

up = .38% ¥ 3250 = 1150.

[y

77 it iec recuired to operate at 2 high altitude, the conver-
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cion factor, air voluwe = D/.07635, still holds, but in esti-
mating the weights, the allowance made for air and gas must be
increased, as in the next problem.

Problem 4. Determine the volume of a nonrigid airship to
carry a military load 1000 lb. at 4000 ft. altitude at 50 knots
(84.5 ft./sec.) for 10 hours. Ship %o be inflated with hydrogen
vhich has a 1ift of .088 1b./ft.> in the standard atmosphere at
sea level. Starting a flight at 4000 ft. fully inflated, corre-

o

sponds to 82.8% inflation at sea level; the weight of air and gas

a+t sca level is thereiore

[.112 + .s88 (.07625 - .068)/.07635] D = .209 D

It may seew cumbersome to calculate the weight of air and
F2s in this manner insteazd of correcting D for the altitude,
but 1% chovld be remembered that since the structural weights
are to ve iteken e&s fractions of D, it is important that D

should b

]

taken e a constant fraction of the air volume.

From data on previous shipe, the 7ixed weights exclusive of
vower vlant and fuel system equal .4D, and crew, stores, and
ballasgt amount to .10. There remains for the power vlant, fuel
and military load (% - .209 - .2 - .1) D = .291 D. Taking the
weight of the powér plant as € 1b./HP, and the weight of the fuel,
oil, and containers as 2.6 1b./HP.H, the total weight of power
plant, fucl, and fuel system is [& + (10 x .6} ] HP = 12 (H#P),
and +the equation is obtained:

1000 + 12 (HP) = .291 D.
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From existine data, ¥ = 22,000, and at 4000 ft. altitude,.

O = .8P8 X .00237 = .0021 clugs, therefore,
i I N3, 2/
up = 5.55 x {84.5) % .0C21 ¥ D 3
22,000
- .z p/3

Combining these eguations as beiore,

7 - 7.2 D¥° = 3740

an

From Tirurs 2 D = 9100 1b. D¥® = 43

ity volume = 9100/.07625 = 113,000 f£t7°

HP = .32 x 435 = 139.

Te wethod may alco be used to find the military or commer-
cial load which can be carried by an airship of given size at a
given speed and endurance, as follows:

Problem 5. TFind the commercial load which can be carried

- e o~ L3 , .
by a rigid airship of 5,000,000 f1. alr volume, at 4000 ft. alti-

=t

tude, inflated with helium lifting .084 1b./ft.> in standard at-
mosphere at sea level, end having a speed of 70 knots and an en-
duranse of 54 nours. Civen K = 33,000, and fixed weights ex-
clusive of power plant = .3 D crew, sicres and ballast = .05 D.
Power plant = 8 1b./dP, fuel = 0.6 1b./HP.H, whence total weight
of oower olant and fuel = [ 8 + (.6 x 34)1 HF = 23.4 HF
D = .07635 x 5,000,000 = 382,000 1b.

Aseaming that when fully inflated the gas cells occupy ash
of the air volume, the volume of gas when 88.8% inflated at sea

s

level (to 2llow for 4000 ft. altitude) is .95 % .888 = .844
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times the air volume, ard the weight of the air and gas is

[ .155 + .344 (.07635 - .064)/.07€35] X D = .393 D

AY

2/3

- {318.2° x .0021 x (5,000,000)
35,000

The “otal weipht of the power plant, power cars, fuel and

fuel sveten is 22.4 X 3200 = 65,000 1b. The weight available

382,000 (1 - .293 - .3-.05) - 65,000 = 71,500 1b.
Choice of Dimensions for any Desired Air Volume.

Ao

Tiin? furnel exneriments indicate that the least resistance
for = given volume is obtained with a length/diameter diameter
ratio of a little less than 5, but with ratios from 4 to €
there is very little change in efficiency. For nonrigid air-
shinsz these ratics are very suitable, and the prismatic c¢r cyl-
indric coefiiscient, i.e., the ratio of the actual air volume to
the volume of 2 wrism having *the largest cross-section airship,
varies from 0.C0 1o 0.85, aporroximately.

The volume of arn airship of circular crogs-section =
2 % rm R,

where R = the radius of the largest cross-section.
k = the prismatic coefficient,

r = the lensth/Jdiameter ratio.

The cdimengions mav be calculated by application of this
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formula, assuming arbitrary values of %k and r.
Example: Find the length and diameter of a nonrigid airship

cf 200,000 ft.2, volume assuming k = .62, and r = 4.8.

@ BOO‘OOO _ 3
ts 2 X .62 x 4.8 x m 10,700 f%.

J

R = 2z f1%.

Py

Diameter = 8 R = 44.0 f

i

Length = 9.6 R = 211.5 ft.

Ir 2 vigid eirship, 1%t is usually desirable to increase the
length beyond five diarmeters in order to space the cars properly,
and to facilitate handling upon the ground, and to prevent ex-
cessive weight of the gas cells and itransverse frames. Sometimes
ched accommodations aleo influence or dictate the choice of length
and diameter. Vhen for vractical reesons it is desired to have
more than five diameters to length, the designer has the choice
of inserting some parallel middle body, or Tetaining a continu-
ously curved form by increasing the station spacing. To determine
the relative merits of these two possibilities, two interesting
series of tests were carried out in the wind tunnel of the Bureau
of Construction end Repair at the Navy Yard, Washington, D. C.

In the first series of tests various lengths of parallel middle
vody were inserted between the bow and stern of a model of the
C class nonrigid aivshin. The results are fully described in the
National advisory Cermmittee for Aeronsutice Report No. 132, en-

titled "The Drag of C Clase Airship Hull with Varying Length of
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Cyvlindric lidships." The fests showed that a length of parallel
middle body up to ons dlameter mede wractically no change in the
resictance coefiicient; and three disneters of parallel middle
body increased the resistance coefficlent by only 7.6%.

The other series of tests was on models of the € class air-
ship with various spacing of the ordinates, giving lengths of
from % to 10 diameter, without parallel middle body. The results

series of tesis have not been published, but it was found

e
3]

of th
that increasins +he length/diameter ratio from the 4.6 of the ©
class *o 3.0 resulted in an increase of 1%2.2% in the resistance
coefficient. The curve of the resisiance coefficient was found

to oass through a minimum velue with a fineness or length/diameter
ratio ¢f about 4.3, or very close to what was actually used in

the 0 clasg.

Comparison of the resulis of tnese two sets of tests indi-
cate that when it is desired to increage the fineness ratio be-
yond =zbout 4.5, the additional length shounld be obtained by in-
serting narallel middle body rather than by increasing the svacing
of the ordinates.

I+ is obvious that the vpractical merits of the problem, aside
from nurely aerod namic considerations, are also very mach in
favor of parallel middle hody; the construction will be simpler
snd leecc exvensive and the overall dimensions of the ship with a
civen volume and fineness ratio will be less.

The air volume of an airship Mull with parallel middle body
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2 7 Rk,

equeals

the prismatic

[
2]

creces-section, k

fore and after todles taken tcgetner,

”
L

length/diameter ratio, and =,
the narallel wmiddle bodyv.

3 _ __volume
72T {kr, + 1)

Frow thic equation the dimensions required

“wvolure and characteristics of bow end

parallel middle body may be determined.

T

1

It follows that

3

B

-~

=

stern and

bzample:

5,000,000 £t.°

Find the length and diameter of

{—
»

is the radius of the maXirum

coefficient of the tapered

their combined

ia the corresponding ratio for

for any given

nroportion of

2 rigid airship of

air volume, in

of 4.6 dirmeter

whichk the tapered bow and stern
and a prisratic coefficient of

wody is three diameters long.

3 5,00

5,0200,0C
._-6 X “Te

MmO

y + 3.07

i
!



- A ~ A

N.20.0.A. Technical Note lNo. 194 14
Conclusions

The foregoing method of calculating the size and horsepower
reouired for an airship of any specified performance depends on
existing data, and as this data becomes wore complete, the
method will become increasingly accurate and flexible; that is,
more anplicable to new and unusual types of airshiovs.

Hmz of the orincival uses to vhich the method can be applied
is *to show the variation in size necescary vhen varying some one
factor of the performance reguirements, keeping the other factors

constant.
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